The experiment involved 40 mid-lactating Comisana ewes. The animals were housed in strawbedded pens and assigned to a control group (n = 10) and two test groups of 15 subjects each. Control ewes were never moved from their pen and peers throughout the experiment period, whereas test animals were subjected to either regrouping (RG) or regrouping and relocation (RGRL) three times at weekly intervals (d 7, 14, and 21 of the trial). Three behavioral recordings were conducted after each social and pen exchange over a 6-h period (1000 to 1600). Animals from groups RG and RGRL were bled immediately before each regrouping and relocation and 15 and 60 min afterward. The phytohemagglutinin skin test was performed at d 9, 16, and 23. Milk yield was recorded when the ewes were mixed and moved, and before and after each mixing and moving procedure. Individual milk samples were analyzed for composition, renneting parameters, and bacteriological characteristics; samples with more than 10 6 somatic cells/mL were cultured for mastitis-related pathogens. Control ewes spent more time lying than groups RG (P < 0.001) and RGRL (P < 0.01) and less time in ambulatory activities than RGRL sheep (P < 0.05). Moved and remaining ewes showed a higher num-
Introduction
Many conventional management practices may be stressful for livestock (Fraser and Broom, 1990) . Physiological disturbance may result in poor production performance of animals and in reduced defense mechanisms against diseases (Klastrup et al., 1987) . In lactat-
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ber of aggressive interactions than control subjects (P < 0.001 and P < 0.01, respectively). Control sheep showed the highest cell-mediated immune response compared with both moved and mixed ewes (P < 0.001 and P < 0.01, respectively). The RGRL ewes gave lower yields of milk than did the control ewes on the days after the first (P < 0.05) and the second (P < 0.01) change of pen and peers. The RGRL ewes also had a lower fat content (P < 0.05) than control ewes in the milk yielded on the day of the first regrouping and relocation and a lower milk protein content (P < 0.05) on the following day. The RG treatment resulted in the ewes yielding milk with a lower fat content (P < 0.01) on the day of each mixing procedure as compared with controls and in a decreased milk protein content on the days after the first (P < 0.05) and the second regrouping (P < 0.01). One case of subclinical mastitis was recorded in both the RG and RGRL groups, whereas no cases were detected in control group. These findings suggest that regrouping and relocation may cause increased aggression, altered immune responses, and short-term effects on the production performance of lactating ewes. These practices should be performed by attempting to minimize their impact on animal welfare.
ing animals, stressful events can hamper milk secretion and ejection reflex (Bruckmaier et al., 1993) and may enhance the risk of mastitis. The inhibition of the milk ejection reflex is a consequence of activation of the sympathetic-adrenal system (Goodman and Grosvenor, 1983) , which reduces the release of oxytocin (Bruckmaier and Blum, 1992) and its access to the mammary epithelium (Findlay and Grosvenor, 1969) . Increased levels of plasma corticosteroids in stressed animals may impair immune function (Napolitano et al., 1995; Rhind et al., 1998) and reduce the synthesis of milk proteins, due to amino acid utilization for gluconeogenesis (Hart, 1983) . The present study focused on the stressfulness of regrouping and relocation in lactating ewes, which are known to be very gregarious animals (Lynch et al., 1992) . The disruption of stable social links in pigs may lead to increased aggression and consequent injuries (Rushen, 1987) as well as to reduced growth rates (Friend et al., 1983) . Previous work in lactating cows showed contradictory results. Some authors found no effects of exchanging cows between groups on plasma corticoids (Arave et al., 1977) and leukocyte concentrations in milk (Arave and Albright, 1976) . Moving and merging were found to cause increased cortisol secretion and to have a slight and short-term effect on the productive traits of lactating cows by other groups (Brakel and Leis, 1976; , whereas Hasegawa et al. (1997) reported decreased yield of milk in primiparous heifers up to 2 wk after social exchange. In the present study, the behavioral, cortisol, immune, and production response of ewes repeatedly exposed to social exchange and relocation were monitored.
Materials and Methods
Experimental Design and Animal Management. The experiment involved 40 mid-lactating Comisana ewes (d 103.7 ± 1.3 after parturition), with no history of mastitis. The animals were housed in four 2.7-× 7.4-m straw-bedded pens (10 ewes per pen) and subjected to a 10-d acclimation period so ewes could become acquainted with their peers. Pens were contiguous and bounded by straw bales up to a height of 2 m. Hence, animals in each pen were isolated from tactile and visual contact but could receive auditory and olfactory stimuli from animals in other pens. At the end of the preparatory period, the ewes were assigned to a control group (n = 10) and two test groups of 15 each. Control ewes were never moved from their pen and peers throughout the experimental phase, whereas test ewes were subjected to regrouping (RG) or to regrouping and relocation (RGRL) three times during the study period at weekly intervals (d 7, 14 , and 21 of the trial). Immediately after machine milking in the morning, one half of the test ewes (5 animals per pen) were maintained in their pens (RG group) and mixed with the other half, which had been moved from their pens and their peers (RGRL group).
Groups were homogeneous in terms of age, parity, time of parturition, number of lambs suckled, body weight (51.32 ± 1.07 kg), body condition score (2.39 ± 0.07), milk yield (722.1 ± 28.5 g/d), and milk protein (5.96 ± 0.08%), and fat (6.08 ± 0.21%) contents (values are means ± SE).
Each pen was provided with two mangers; feeder space per animal was about 0.45 m. The ewes were offered a diet composed of a pelleted concentrate, vetch/ oat hay, and wheat straw (45%, 45%, and 10% of total diet respectively), which was administrated as a total mixed ration twice daily. The chemical composition of dry matter was determined by standard procedures (AOAC, 1990) and contained 16.8% crude protein, 2.3% fat (by ether extraction), 22.2% crude fiber, and 9.6% ash. Average daily dry matter intakes were 2.28, 2.22, and 2.23 kg/ewe in CT, RG, and RGRL groups, respectively. Water was available from automatic drinking troughs.
Behavioral Measurements. For each group, three behavioral recordings were conducted after each social and pen exchange (d 7, 14, and 21) . Ewes were individually marked and observed, using the instantaneous scan sampling technique every 20 min over a 6-h period (1000 to 1600) starting 60 min after the last blood collection. On observation days, an observer walked slowly past the front of each pen from a distance of 4 m and recorded ewe number, posture (standing or lying), and behavioral activity (feeding, walking, idling). For each animal, behavioral activity and posture data were expressed as percentage of total observation time. Social and aggressive interactions are short-lasting events; therefore, their frequency of presentation was measured by continuous recording for the entire 6-h period.
Cortisol Response. At each social and pen exchange, animals from groups RG and RGRL were bled immediately before treatment and 15 and 60 min after. Plasma cortisol concentration was determined with a RIA using a Coat-A-Count kit (CIS Bio International, Gif-SurYvette, France). Validation for sheep plasma was performed as described by Fisher et al. (1997) . Samples obtained from sheep and run in the same assay as the standards provided (human plasma) yielded highly correlated results (r = 0.99). Recovery of added mass had a mean of 98 ± 0.8%. The sensitivity of the assay was 5.7 nmol/L. The inter-and intraassay variation coefficients were 7.5 and 5.1%, respectively.
Immune Response. The phytohemagglutinin (PHA) skin test was performed to induce a nonspecific delayed hypersensitivity. At d 9, 16, and 23 (2 d after each social and pen exchange) PHA (1 mg, Sigma Chemical Co., St Louis, MO) dissolved in 1 mL of sterile saline solution was injected intradermally into the middle of two 2-cm-wide circles stamped on shaved skin in the upper side of each shoulder. The skinfold thickness was determined with a caliper before PHA injection, and 24 h after as previously performed in lambs (Sevi et al., 1999b) and other ruminants (Burton et al., 1989; Kelley et al., 1982; Kegley et al., 1997; Grasso et al., 1999) . For each animal, an average increase in skinfold thickness (24-h thickness − preinjection thickness) was computed using the two measurements obtained from each shoulder.
Sampling and Analyses of Milk. Ewes were milked
(at 0800 and 1500) using pipeline milking machines (Alpha Laval Agri, SE-147 21 Tumbas, Sweden). Animals were moved twice daily (0800 and 1500) to a milking parlor, which was about 30 m away from the experimental building. Milk yield was recorded by means of graduated measuring cylinders attached to individual milking units. Recordings were made at the beginning of the experimental phase, on the day the ewes were mixed and moved (i.e., at afternoon and morning milkings immediately after regrouping and relocation proce-dures), the day before (d 6, 13, and 20 of the trial) and the day after (d 8, 15, and 22) each change of pen and peers, and at the end of the study period (d 28). At each milking, individual milk samples were taken after cleaning and disinfection of teats (70% ethyl alcohol) and discharging the first streams of foremilk. Samples were collected in 200-mL sterile plastic containers and brought to our laboratory by means of transport tankers at 4°C. Upon arrival, the following measurements were carried out: pH, titratable acidity, total protein, fat and lactose content (IDF, 1990 ) using an infrared spectrophotometer (Milko Scan 133B; Foss Electric, DK-3400 Hillerød, Denmark), casein content (IDF, 1964) , somatic cell count (IDF, 1995) using a Foss Electric Fossomatic 90 cell counter, and renneting characteristics (clotting time, rate of clot formation, and clot firmness after 30 min) using a Foss Electric Formagraph and the method of Zannoni and Annibaldi (1981) .
All ewes were examined daily to detect the presence or confirm the absence of signs of clinical mastitis, such as fever, pain, or gland swelling. A small quantity of milk was checked visually for signs of mastitis. At the beginning and end of the study period, and on the day after each regrouping and relocation, the following bacteriological analyses were carried out on milk: enumeration of mesophilic microorganisms (IDF, 1991a), psychrotrophs (IDF, 1991b) , total coliforms (IDF, 1985) , and fecal coliforms on violet red bile agar (Biolife, I-20100, Milano, Italy) incubated at 44.5 ± 0.5°C for 24 h. A subsample (0.01 mL) was taken from all milk samples containing more than 10 6 somatic cells/mL and cultured for mastitis-related pathogens (Fthenakis, 1994) . Presumptive Escherichia coli, staphylococci, and streptococci were determined and identified at species level as described earlier (Sevi et al., 1999a) . Pseudomonas spp. were determined using Pseudomonas selective agar (Oxoid, Ltd., RG24 09W, Basingstoke, U.K.) and Pseudomonas aeruginosa was detected after 3 d incubation on Pseudomonas agar F and Pseudomonas agar P (Oxoid, Ltd.) at 32 to 37°C. Samples were considered to be bacteriologically positive when at least ten colonies (10 3 cfu/mL) of the same type were isolated (Watkins et al., 1991) . If two bacterial species were isolated, they were treated as a case of either species. If three or more bacterial species were cultured from a sample, the sample was considered to be contaminated (Fox et al., 1995) . Sheep whose udders were without clinical abnormalities and whose milk was apparently normal but bacteriologically positive and with somatic cell counts > 10 /mL were considered to have subclinical mastitis when the same bacterial species was isolated from milk samples at least in two of three consecutive samplings (Andrew et al., 1983) .
The body weights and body condition scores of the ewes (in a 6-point scale with 0 = thin and 5 = fat) were recorded at the beginning and end of the study period, after the morning milking but before feeding.
Statistical Analysis. Data from ewes considered to have subclinical mastitis were excluded from statistical analysis. Milk production data were corrected for fat content using the Cannas (1999) equation. All the variables were tested for normal distribution using the Shapiro-Wilk test (Shapiro and Wilk, 1965) and cortisol levels and milk somatic cell and microorganism counts were transformed into logarithmic form to normalize their frequency distributions before performing statistical analysis. Milk and behavioral data were processed using ANOVA for repeated measures (SAS Inst. Inc., Cary, NC) with groups as a nonrepeated factor, and day of sampling and the group × day interaction as repeated factors. Individual animal variation within group was used as the error term. Cortisol level was analyzed using ANOVA for repeated measures with time of blood collection, test and interactions of first and second order as within-animal factor, and treatment as a between-animal factor. The data on mastitis prevalence in control and test groups were subjected to the χ 2 test. Body weights and body weight changes of the ewes were analyzed using treatment as the main effect. Pretreatment values were used as covariates for all variables. When significant effects (P < 0.05) were found, Student's t-test was used to locate significant differences between means.
Results
Behavior. Feeding and ruminating were not affected by treatment, day of observation, and interaction (Table  1) . Walking and idling were influenced by day of observation (P < 0.01) and treatment (P < 0.05), whereas no significant day of observation × treatment interaction was detected. Animals walked more on the first day of observation (d 7) than on the second and third (d 14 and 21, P < 0.001 and P < 0.01, respectively). Locomotion activity was higher for sheep subjected to group and pen exchange than for control ewes (P < 0.05), whereas no differences were found between groups RG and RGRL or between RG and control ewes.
Ewes were less active on d 7 than on d 14 and 21 (P < 0.001 and P < 0.01, respectively). Control and exchanging group animals displayed a higher amount of idling compared with sheep exchanging group and pen (P < 0.01).
Time spent lying was significantly affected by group and day of observation (P < 0.01). The number of times animals were observed lying was higher at d 7 compared with d 14 and 21 (P < 0.001). The control group spent more time lying than did the RG (P < 0.001) and RGRL (P < 0.01) groups, whereas no differences were observed between the RG and RGRL groups.
The second and the third regrouping and relocation (d 14 and 21) determined a reduced number of social interactions compared with the first one (d 7; P < 0.01 and P < 0.10, respectively), whereas no differences among groups were observed. In fact, both treatment and the interaction day of observation × treatment had no effect on the number of social interactions. Aggression was affected by day of observation and treatment (P < 0.05 and P < 0.01, respectively), whereas the interaction between these two factors was not significant. The number of aggressive interactions was higher on d 7 than on d 14 and 21 (P < 0.01 and P < 0.05, respectively). After member exchange, moved and remaining ewes showed a higher number of aggressive interactions than control subjects (P < 0.001 and P < 0.01, respectively).
Cortisol Response. Plasma cortisol responses were similar in RG and RGRL groups; therefore no group and group × time effects were found (data not shown). Conversely, a significant effect was found for time of blood collection after handling, regrouping, and relocation (P < 0.001). In all tests and for both test groups, the peak was reached 15 min after regrouping.
Cellular Immune Response. Delayed-type hypersensitivity to PHA (Figure 1 ) was affected by treatment (P < 0.01) and time (P < 0.001). The control sheep showed the highest cellular response compared with both moved and mixed ewes (P < 0.001 and P < 0.01, respectively). There was a significant group × time interaction (P < 0.001) that can be attributed to the failure to find any significant difference among the mean skinfold thicknesses of the three groups when the third (d 23) skin test was performed, whereas the cellular response was higher in control than in RGRL group (P < 0.05) and in RG and RGRL groups (P < 0.001) at 9 and 16 d, respectively.
Milk Yield and Composition. The RGRL ewes exhibited a 22% lower yield of milk than control ewes on the day after the first mixing and moving procedure (d 8), but they entirely recovered on d 13 (Table 2) . Milk yield tended to decrease (−14%) on the day RGRL ewes were moved and mixed the second time (d 14) and markedly dropped the day after as compared with control (−29%; P < 0.01) and RG groups (−20%; P < 0.05). Subsequently, milk yield remained lower in RGRL group than in two other groups, although differences were not significant. The control and RG groups had similar yields of milk throughout the study period. The day after the first mixing and moving procedure, both test groups had lower protein contents in milk (P < 0.01) than did the control group, but only RG ewes had decreased milk protein content compared with control ewes on the day of the second regrouping (P < 0.05) and on the following day (P < 0.01). Milk protein content decreased in RG group after the third mixing procedure to such an extent that no significant differences (P = 0.06) existed between this group and the control group. The RG ewes also had lower milk fat contents than the control ewes (P < 0.01) on the day of each regrouping. On average, RG and RGRL groups gave lower yields of milk protein (P < 0.05) than the control group (40.2 and 40.0 vs 46.6 g/d, respectively). The RGRL treatment also resulted in reduced yields of milk casein and fat (P < 0.01) when compared with control (30.7 vs 34.2 g/d and 39.2 vs 44.4 g/d, respectively).
Neither titratable acidity, pH, nor the coagulating properties of milk were changed by the experimental procedure (Table 3 ). In general, renneting parameters improved with the advancement of the study period, irrespective of treatment.
Somatic cell and mesophilic, psychrotroph, and total coliform counts were unaffected by regrouping and relocation of ewes throughout the study period. The amount of fecal coliforms was significantly higher in the milk yielded by RG and RGRL ewes than in that of control ewes (P < 0.05) on d 22 and d 28 of the experiment. The RGRL ewes also had a greater number of fecal coliforms in their milk (P < 0.05) than control ewes on d 15. The hygienic quality of milk deteriorated in all groups as the experiment progressed.
Incidence of Subclinical Mastitis. There were no cases of clinical mastitis during the study period, whereas only one case of subclinical mastitis was detected in each of the RG and RGRL groups (P = 0.498). Infection was considered to have set in at d 15 and 22 in RGRL and RG ewes, respectively. Infected ewes were not detected in control group. Bacteria or combinations of bacteria were isolated from 20 milk samples (4, 7, and 9 from the control, RG, and RGRL groups, respectively). Coagulase-negative staphylococci and streptococci constituted the majority of bacteria isolated: they were isolated from > 80% of the 20 bacteriologically positive milk samples. Staphylococcus aureus and Streptococcus agalactiae were detected in three and one milk samples, respectively. Pseudomonas aeruginosa and Escherichia coli were not found in any milk sample.
Body Weight Changes. Weights of ewes were unaffected by the experimental treatment. At the end of the study period, body weight changes were 56 ± 10, 68 ± 13, and 60 ± 12 g/d (means ± SE) in the control, RG, and RGRL groups, respectively.
Discussion
It has been stated that high levels of inactivity may reflect the presence of aversive environmental conditions because group-housed animals may be induced by forced social interactions to fight or escape and active behaviors may be adopted to get readily prepared to react (Fraser and Broom, 1990; Barnett et al., 1992; Hanlon et al., 1994) . However, Grasso et al. (1999) in buffalo calves observed a higher incidence of resting behaviors (idling and lying) in less stressful conditions. They postulated that a higher space allowance permitted animals to be both less disturbed by conspecifics' activities and less forced to interact with them. In this study, we found a higher proportion of an active behavior (locomotion) in moved ewes and a higher amount of Figure 1 . Least square means ± SE of skinfold thickness after intradermal injection of phytohemagglutinin in ewes either maintained in their pens with their peers (control, CT) or subjected to regrouping (RG) or exposed to regrouping and relocation (RGRL). *P < 0.05, ***P < 0.001.
inactive behaviors (idling and lying) in unmoved animals. These latter results are only apparently in contrast with those obtained by Hanlon et al. (1994) and Barnett et al. (1992) and could be attributed to either unfamiliarity to intensive housing systems with low space allowance in red deer or higher levels of aggression in swine than in domestic ruminants.
Aggression can be of use in a variety of functions in a domestic animal's life. Aggression can be employed to gain more food or higher-quality food or to establish a place in a social hierarchy. According to Kondo and Hurnic (1990) , it takes at least 4 d after strange cows are mixed that interactions become non-physical, whereas bulls and steers needed 10 d after mixing to reduce aggressive acts (Tennessen et al., 1985) .
Acute exposure of animals to stressful stimuli triggers a nonspecific endocrine response characterized by the activation of the hypothalamic-pituitary-adrenal axis, as demonstrated by increased levels of circulating ACTH, and of the sympathetic nervous system, as indicated by elevated levels of circulating catecholamines. Therefore, measures of glucocorticoid response to stress are of considerable help when assessing short-term effects on animals. In this study, plasma cortisol response to social instability and handling reached a peak 15 min after group exchange. Such an increment may be correlated with the emotional stress caused by the need Table 2 . Milk yield and protein and fat content in Comisana ewes maintained in their pen with their peers (control, CT) or subjected to regrouping (RG) or exposed to regrouping and relocation (RGRL , not significant, *P < 0.05, ***P < 0.001. Table 3 . Casein content, titratable acidity, pH, renneting parameters, and somatic cell and bacteria counts (log 10 of cfu/mL) in milk of Comisana ewes maintained in their pen with their peers (control, CT) or subjected to regrouping (RG) or exposed to regrouping and relocation (RGRL). Values are least square means ± SE
Casein content, % 4.61 ± 0.04 4.48 ± 0.03 4.5 ± 0.03 NS *** *** ** Titratable acidity,°SH/100 mL 9.61 ± 0.2 9.84 ± 0.2 9.92 ± 0.2 NS NS NS pH, 6.67 ± 0.01 6.66 ± 0.01 6.65 ± 0.01 NS *** NS Clotting time, min 19.3 ± 1.0 18.5 ± 0.8 18.7 ± 0.9 NS *** NS Rate of clot formation, min 3.9 ± 0.2 3.9 ± 0.1 3.8 ± 0.1 NS NS NS Clot firmness, min 46.3 ± 2.6 46.7 ± 2.0 46.6 ± 2.1 NS *** NS Somatic cell count 5.58 ± 0.13 5.62 ± 0.12 5.69 ± 0.12 NS *** NS Mesophilic count 5.39 ± 0.10 5.67 ± 0.09 5.69 ± 0.10 NS *** NS Psychrotroph count 5.25 ± 0.09 5.37 ± 0.08 5.39 ± 0.08 NS *** * Total coliform count 3.11 ± 0.10 3.45 ± 0.09 3.39 ± 0.08 NS *** NS Fecal coliform count 1.97 ± 0.08 2.25 ± 0.07 2.52 ± 0.07 * *** NS a NS, not significant, *P < 0.05, ***P < 0.001.
to establish a new social hierarchy, whereas removal from their home pen induced no further cortisol productions. This latter result may be attributed to the fact that these animals are accustomed to be moved and handled for milking and pasture utilization. Therefore, the lack of an effect of relocation may be due to habituation. However, the lack of data on control animals does not provide conclusive results on the effect of regrouping and relocation on cortisol response because the stress of handling and bleeding cannot be removed from that of treatment. Mixing animals produced significant effects in deer (Hanlon et al., 1995) and pig (Ekkel et al., 1995) cortisol response. Hasegawa et al. (1997) found that social rank did not affect cortisol response to exogenous ACTH in cattle subjected to member exchange. Accordingly, Arave et al. (1977) observed no correlation between dominance order and plasma corticoids after mixing cows. In this study, an additional effect of relocation has been observed on cellular immune response, although mild stress (medium-term restriction in feeding and lying) may not compromise cell-mediated immunity in lactating cows (Fisher et al., 1999) . Stressful events may cause immune suppression (Griffin, 1989) . T-Lymphocytes may either have regulatory functions or act directly on foreign antigens. The thickening of the skin that follows an application of various substances (e.g., dinitrofluorobenzene and phytohemagglutinin) is mediated by T-lymphocytes, and their action is affected by an animal's success in coping. In fact, T-lymphocytes are uniquely sensitive to soluble modulating factors, so it is likely that the neuroendocrine response in stress elaborates hormones and peptides that may have a major impact on cell-mediated immunity (Napolitano et al., 1998) . It has been established that activation of the hypothalamic-pituitary-adrenal axis and the release of corticosteroids has a substantial effect on the T-cell system (Harbuz and Lightman, 1992) . Therefore, measurement of T-cell activity can be a useful indicator of the quality of welfare.
A correlation between cortisol level and the immune response of sheep has been observed by Cockram et al. (1994) in animals exposed to the stress of isolation. However, the finding that in response to stress adrenalectomized rats showed immunosuppression suggests the involvement of other factors (Keller et al., 1983) , as also stated by Minton et al. (1995) . Glucocorticoids rise in response to many short-term stressors within 1 to 2 min of stimulus perception (Hopster et al., 1999) , but the episodic nature of their secretion results in a low reliability of this indicator for long-term problems. Unpleasant stimuli may cease to cause cortisol production when they are continuous or repeated frequently, and the value of assessing adrenal cortex activation declines as the stress persists. Conversely, prolonged stressful conditions may be conveniently monitored using immunological indicators (Griffin, 1989) . Hanlon et al. (1995) stated that cellular immune response may be a sensitive indicator of social stress in red deer subjected to repeated group exchange. However, the results of any test using a nonspecific lymphocyte stimulator (e.g., PHA) can be affected by previous contact with antigens, which represents a limit to the accuracy of a skin thickening response.
Previous experiments have shown that regrouping has no or very slight impact on milk yield in dairy cattle (Arave and Albright, 1976; Brakel and Leis, 1976) , except when this practice involves animals that are presumably more susceptible to stress, such as primiparous heifers of low social rank (Hasegawa et al., 1997) . found a short-duration decrease of milk fat content in relocated cows. In the present study, regrouping and relocation induced short-term effects on ewe production performance. The RGRL ewes had markedly reduced milk productions compared with control animals on the days after relocation, whereas RG animals had similar yields, although their milk had deteriorated in quality. This suggests that ewe response to social link disruption was somewhat strengthened by movement to an unfamiliar pen. The more accentuated reduction of immune function in animals that experienced both disruption of social links and relocation compared with those only subjected to social exchange supports this hypothesis.
The increased secretion of catecholamines in stressed animals may impair the release and access of oxytocin to the mammary gland and the action of oxytocin on the secretory epithelium (Goodman and Grosvenor, 1983, Bruckmaier et al., 1992) . In particular, Bruckmaier et al. (1993) demonstrated that milking-related oxytocin release is strongly impaired when cows are milked in unfamiliar surroundings. The release of oxytocin in response to stressful stimuli (Trevisi et al., 1992) may reduce the availability of this hormone at milking time. Hence, the lower contents of fat and protein in the milk yielded by RG ewes may result from the incomplete emptying of the alveoli and galactophorus ducts, as a consequence of reduced release or impaired action of oxytocin, and of the decreased synthesis of milk proteins, due to amino acid utilization for gluconeogenesis induced by higher levels of circulating cortisol in mixed and moved ewes. Since relocation emphasized the impact of social link disruption on the neuroendocrine system of the ewes, it is likely that the mechanisms mentioned above could lead to such a reduction of milk synthesis and ejection in RGRL ewes that the effects on milk constituents were concealed.
The coagulating behavior of milk was not changed by the experimental treatment and this finding is apparently controversial with the differences in milk composition observed between control and test groups. However, Bertoni et al. (1996) found an increased titratable acidity in the milk of cows injected with ACTH or subjected to electrical shock possibly due to increased contents of phosphorus in milk. In the present study, milk pH decreased and titratable acidity increased, although not significantly, when passing from control to RG and RGRL groups.
Only one case of subclinical mastitis was recorded in RG and RGRL groups, and the percentage of bacteriologically positive milk samples was quite low (10 to 15%) in all groups.
Both RG and RGRL treatments resulted in deteriorated hygienic quality of milk. A concentration effect due to reduced yields might partly account for the greater number of microorganisms found in the milk of RGRL ewes, although such an effect was not observed for milk constituents. Surely this was not the case of RG ewes, which had milk yields similar to those of control animals. Thus, the greater bacterial colonization of the udder in test ewes may be at least partly ascribed to a reduced efficiency in the natural defense mechanisms against bacterial penetration and multiplication in the udder. In ACTH-treated cows, hypothesized that a reduction of the mammary bacterial defense capacity may be attributed to the greater fat content of milk because it has been recognized that an increase in fat content impairs the in-vitro phagocytic and phagotoxic ability of leukocytes toward bacteria (Paape and Wergin, 1977) . However, this was not the case in the present study because the fat content was lower in the milk yielded by test ewes than by control ewes. The prevalence of environmental pathogens in the microbial species isolated from bacteriologically positive milk samples may further support the hypothesis that a reduction in mammary defense capacity played a role in enhancing bacterial colonization of udders in mixed and moved ewes (Crist and Harmon, 1991; Sevi et al., 1999a) .
Implications
Regrouping and relocation are common practices for intensively managed ewes and are performed to obtain uniform groups in terms of milk yield. Results suggest that group member exchange may cause increased aggression and an altered immune response in sheep. An additional effect of relocation was observed on cellmediated immunity. Mixing and moving resulted in short-term effects on production traits and had a minor impact on udder health in the lactating ewe. Results suggest that, when using a functional approach for animal welfare assessment, different indicators should be adopted in an integrated manner because single physiological functions could be not sensitive to peculiar stressors. Nonetheless, in dairy sheep housing, these practices should be performed with minimum frequency; care should be taken to minimize their impact on animal welfare. Further studies are needed to investigate whether the physiological functions of ewes subjected to group exchange can be affected by hierarchical order.
